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THERMODYNAMIC VALUES FROM COMPUTER SUMMATION

OF GROUP ADDITIVITY DATA

1. INTRODUCTION

Calculation of equilibrium concentrations in a multi-component
system over a range of temperatures requires values for the thermodynamic
functions, enthalpy of formation, entropy and heat capacity for each of the
species in the equilibrium. The number of species for which these functions
have been determined is limited. To rupplement the established values,
several procedures have been developed for the estimation of these
thermodynamic functions. Benson and Buss (1) consider what may be described
as zero, first, second, etc order approximations for the estimation of
thermodynamic functions. Zero or first order approximations may yield
values for the entropy and heat capacity within 4.2 J Mol -1 K-1 of known
values, but second order approximations are required to obtain this precision
for the enthalpy of formation. These second order approximations are most
readily obtained by consideration of molecules as a combination of groups,
from which the thermodynamic functions may be obtained by algebraic

summation. Tables of group values for the standard gas phase have been
published with a discussion of the procedures used to obtain the values (2).
More recently, Alberty (3) showed how a mathematical form of group values
could be used to calculate thermodynamic properties of hydrocarbon isomers,
in which an isomer group was considered as a whole.

The group values of Benson et al. (2) have been extended and
incorporated into a computer programme, CHETAH - Chemical Thermodynamic and
Energy Release Evaluation Programme, for Committee E-27 (Hazard Potential of
Chemicals) of the American Society for Testing of Materials (4). This
programme was written in Fortran IV primarily for mainframe IBM computers.
CHETAH will calculate energy hazard potential parameters for compounds based
primarily on heat release values. It will also calculate values of the
estimated thermodynamic functions and the free energy of reaction for a
balanced chemical reaction. The programme and data base is available from
ASTM on punched computer cards.

A number of computer programmes have been developed for the
calculation of equilibrium concentrations of chemical species using the
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c ermcdynamic functions. The current version of "Thermodata", developed :y
Turnbull and Wadsley (5), can calculate the equilibrium concentration of p
100 species. This programme will also output heat balances and has an inb.i-
plotting routine. The data base for Thermodata consists of values for tne
standard enthalpy and entropy of formation of the species and a mathematica!
function for the variation of the heat capacity with temperature. A routine
is available within the Thermodata programme package for adding data to the
data base if values for the standard enthalpy and entropy of formation and
heat capacity values at several temperatures are available. Thermodata is
written in Fortran 77 for the Vax 11/780 computer. It also has been
transferred to the IBM PC/XT microcomputer to make use of the graphics
capability of the PC/XT display. Currently it is available in Vax compatible
tape format and PC/XT floppy disks.

Due to the low unit cost of the IBM PC/XT microcomputer or
compatible, a data base originally derived from reference (2) as used in
CHETAH has been incorporated into a PC/XT Fortran 77 compatible programme.
This programme is designed to be used in an iterative manner with free form
"user friendly" terminal input. From an input of the groups in a species it
will calculate the thermodynamic values which are required as input for the
Thermodata database management programme. These values may be output in
machine readable form for direct input into Thermodata.

2. USE OF GROUP ADDITIVITY DATA

The second order approximation for estimation of thermodynamic
values is based upon subdivision of a molecular species into a number of
groups based upon a central atom in a specified chemical environment which is
defined by nearest neighbour interactions (2). In order to obtain a group
value, the group must be present in at least one species for which the
thermodynamic values are known. When the group is present in more than one
species for which thermodynamic values are known, the validity of the group
value may be confirmed. In deriving the group values, defined contributions
to the known thermodynamic data which were not dependent upon nearest
neighbour interactions were algebraically subtracted from the species value.
These additional contributions may be considered as pseudo groups and a
means of correction for interactions other than nearest neighbour. In all
cases these pseudo groups are a means of quantifying non-nearest neighbour
symmetry, steric or electronic factors in a species.

2.1 Symmetry Corrections

From statistical mechanics the molar entropy, of a species is given
by

S - R ln W
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where W is the number of distinguishable configurations that the

species may have. While these configurati,ns must be weighted by the
Boltzmann energy distributior at temperatures of 300K and above, the effect
of symmetry elements in a species is to reduce the entropy by R In a , where
a is the symmetry number defined as the total number of independent
permutations of identical atoms in a molecule that can be arrived at by
simple rigid rotations of the entire molecule.

The symmetry number of a species may be further subdivided into an
external symmetry number and an internal symmetry number due to "free"

internal rotation of symmetrical substitutents The internal symmetry number
arises due to "free" rotation of the substituent. Internal rotation around
bonds is "free" if the internal energy in the - iecule is large compared to
the potential energy barrier for rotation of bstituent about the bond.
This is true for all unhindered substituent. mperatures of 300 K and
above. The entropy contribution of hindered _.stituents is temperature
dependent and not simply included in group contributions based on nearest
neighbour interactions. At higher temperatures, even hindered substituents
may be considered to have "free" internal rotation. Good agreement between
estimated and measured entropy values will be obtained by using the "free"
internal rotation model for most single bond substituents. The methyl
substitutent is the most common symmetrical substitutent and each has an
internal symmetry number of 3. The overall symmetry number is the product of
the external symmetry number and the internal symmetry numbers.

External symmetry numbers are most readily obtained from the
product of each of the independent symmetry axis. For example, benzene has
six two fold symmetry axes and an external symmetry number of 12. SF6 with
six fourfold symmetry axes has an external symmetry number of 24. All
normal alkanes have one twofold symmetry axis. With the terminal methyl
substitutents each having a internal symmetry number of 3, the overall
symmetry number for normal alkanes is 2 x 3 x 3 - 18.

2.2 Optical Isomers

Optical Isomers increase the number of possible configurations and
thus the molar entropy. The increase in entropy is given by R in n, where n
is the number of optical isomers.

2.3 Correction for Groups in a Ring

Thermodynamic values for non-aromatic ring compounds are obtained
by summation of the equivalent non-ring groups with the addition of a ring
correction for each ring in the species. This ring correction for the
enthalpy may be equated to the destabilization 'due to ring "strain". This
enthalpy correction is greatest for 3 membered rings and almost zero for
cyclohexane which can adopt a strain free configuration. Groups in
aromatic rings have no non-ring equivalents, so group values for aromatic
atoms have any ring correction incorporated in the group value. Ring
corrections are not required for aromatic rins. Values for non-aromatic
rings are considered as pseudo groups and algebraically summed for each
thermodynamic function.
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2.4 Steric Corrections

Corrections have been incorporated into the data base for steric
interactions with next-nearest neighbour groups. These include alkane and
alkene gauche interactions, alkene and ring cis interactions, aromatic
ortho interactions and other miscellaneous interactions as listed in
sequence numbers 485 to 510 of Tables I and 2. These corrections are
considered as pseudo groups and algebraically summed with other groups in
calculating the thermodynamic values.

2.5 Assignment of Groups in a Species

A group value is required for each "central" atom in a species,
where a "central* atom is bonded to more than one other atom. All atoms
bonded to other atoms by only one bond are terminal atoms and do not require
a group value. (eg. All hydrogen atoms and carbonyl oxygen atoms are in this
category). A limited number of atoms bonded to unique atom configurations
are considered as Pseudo terminal atoms. Atoms in this category include the
nitrile carbon (-CsN) and the nitrate nitrogen (-NO 2). No group values are
required for these pseudo terminal atoms. Their effect is contained in the
group values of the atom to which they are bonded.

3. PRECISION OF THE GROUP ADDITIVITY ESTIMATES

The group values have been derived from known thermodynamic values
for compounds in the standard gas phase. These known values have been used
to assign group values for groups based on nearest neighbour interactions.
For groups contained in many compounds for which there are a number of
reliable experimental measurements, the group value may be considered as
the weighted mean of all the measurements. Thermodynamic values estimated
from these group values can be considered to yield data which exceeds the
precision of single experimental measurements provided there are no
interactions in the species other than that with nearest neighbour atoms.
This is likely to be the case for the n-alkanes.

Group values which are obtained from experimental values for a
single compound will contain the uncertainty of the experimental
measurement. In addition, it is more difficult to consider the effect of
any interactions other than nearest neighbour. As a' general approximation,
the validity in the use of group values is likely to decrease as the number
of heteroatoms in the species increases. Not only are the groups based on
limited numbers of experimental measurements but the probability of
significant non-nearest neighbour interaction is greatly increased.
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4. USE OF THE COMPUTER PROGRAMME

The computer programme, GROUP.EXE and the data base, GROUP.DAT,
are contained on one standard IBM PC 360 Kbyte floppy diskette. The
programme may be run from the floppy disk or both programmes copied to a
-ard disk and run from the hard disk. As the programme reads the data base
for each species, the speed of execution is increased for operation from a
hard disk. The data base must be on the default directory when the
programme is started by typing "GROUP". The programme will readily operate
on a standard IBM PC with 192 Kbyte of memory or more.

A terminal dialogue is shown in Appendix I for estimation of the
thermodynamic values for 2-methylbutane. The input into the programme is
shown in bold type. All input may be in either upper or lower case. The
first input into the programme is the name of a file to store a copy of the
calculated output shown on the terminal. Any PC file name of up to 8
characters and 3 character extension may be used (mydata.txt being used in the
example). If the specified file does not exist then it is created else data
is appended to the existing file. A blank return by pressing only the <ENTER>
key will disable creation of and addition to this type of file.

The second input is for the creation of or addition to a command
file for direct input to the CSIRO/NPL "THERMODATA-V" programme "FILER". Any
file name may be used. (myfiler.fil is shown in Appendix 1.) The specified
file will be created if it does not already exist. A blank return will bypass
this step.

For addition to its data base, "FILER" requires a unique formula and
a unique name for the species. C5H12 (g) and 2-methylbutane (g) are shown in
the example. These entries are added to the "FILER" data base specified in
the steps discussed below. The name is also used to describe the output
regardless of whether a "FILER" command file is accessed.

As discussed above, the entropy is corrected for the symmetry and
the number of optical isomers. 2-methylbutane has a external symmetry number
of I and each of the 3 terminal methyl groups have an internal symmetry of 3,
so the overall symmetry is 27. There are no asymmetric carbon atoms so there
is only 1 optical isomer.

The next input is the group sequence number and the number of
occurrences of that group in the species. Each group is input on a new line,
with a blank line terminating the group input. It is not necessary to input
the sequence numbers in numerical order. The group input may be edited during
or after input if required. 2-methylbutane has one C-(C)/3-(H) group, one C-
(C)/2-(H)/2 and three C-(C)-(H)/3 groups. In 24dition, it has one alkane
gauche interaction in the most stable rotomeric configuration shown in Figure
1. These are input to the programme as a group sequence number (from Table I
or Table 2) followed by a comma then the number of times the group occurs in
the molecule.



6,1
5,1
1,3

485, 1

If the input is satisfactory, the group values are summed and outcu,
as shown in Appendix 1. The line following "TOTALS" consists of the standard
enthalpy of formation (cal mol-1 ), standard entropy (cal mo 1- K- 1) and heat
capacity (cal mol -1 K- 1) at 300K, 400K, 500K, 600K, 800K, 1000K and 1500K. An
"*. in the next line under the sum indicatee that one or more data values
required for that sum from the database are unknown and have been assigned a
value of zero. Finally, a line of totals using Joule as the energy unit is
output. Following the output, the programme may recycle as shown in Appendix
1.

The data base includes groups for which not all required
thermodynamic values are available. The presence of a "*" below a sum
indicates that this summation includes a zero assigned to an unknown value.
If zero is a reasonable approximation to the unknown value or values, then the
summation is valid. This is likely to be the case for alkane gauche
interaction, where the only effect is likely to be upon the enthalpy of
formation. Thus all sums shown in example in Appendix 1 may be considered to
be valid. However, for most groups unknown values cannot be considered to be
zero and a summation including an unknown value should be considered
invalid. Tables 1 and 2 show dashes "-" for data values which are unknown.
Due to the high proportion of the data base groups which do not have values
for the heat capacity at 1500K, heat capacity values at 1500K are not included
in the data transferred to the "FILER" command file.

The estimate made by GROUP for standard enthalpy of formation and
standard entropy at 298K for 2-methylbutane (g) and for its heat capacity at
300K of -36290 cal mol - , 82.03 cal mol-IK -1 and 28.61 cal mol-K - may be
compared with literature values of -36960 cal mol- 1, 82.29 cal mol-1 K- and
28.54 cal mol-lK - I respectively (6).

If a "FILER" command file has been requested, the programme will
request an Access Code for the "THERMODATA" programme suite. If Access Code
checking has not been selected in your installation of "THERMODATA", this
section of the command file will be ignored. The final input is the name of
the Thermodata database file to which the data is to be added. The file name
must commence with the letters "CPD" followed by any allowed 5 characters
without an extension ("FILER" automatically assumes and appends the file
extension DAT). When "FILER" is run from "THERMODATA", the estimates from the
programme "GROUP" will be added to the named "THERMODATA" database if it
already exits or a new database will be created it it does not. It may be
noted that if the same "FILER" command file is run more than once, "FILER"
will simply overwrite existing data in the database.

A second example is shown in Appendix 2 for n-hexylcyclopentane.
The same files names may be used as for the example in Appendix 1, in which
case the data will be appended to the files. The molecule has no external
symmetry and an internal symmetry number of 3 associated with the internal
rotation of the methyl group. Thus the overall symmetry number is 3 and there
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is only one optical isomer. The groups present in the molecule are one e:r'/
group, C-(C)-(H)/3, nine methylene groups, C-(C)/2-(H)/2, including both those
in the ring and the ring substituent and one tertiary carbon group, C-(C)/3-
(H). Correction is made for the cyclopentane ring by including an additional
cyclopentane pseudo group. The groups are input to the programme as

5,9
6,1
1,1
45,1

Values are output by the programme for C° AH and AS° in both
calorie and joule units as shown in Appendix 2. Ggod agreement is obtained
between the estimated values of 53.3 cal mol- I K -1, -50230 cal mol - I and
128.2 cal mol -1 KI with the respective values from reference 6 of
53.7 cal mol - K -_, -50070 cal mol - I and 127.7 cal mol- I K- 1. Values are
available for all required groups to the temperature of 1500 K, so no "*"s
appear below the totals for this example. However, to allow consistency with
the bulk of the group data, C data at 1500 K is not included in the "FILER"
myfiler.inp file for calculaton of the equation for variation of heat
capacity with temperature.

5. FURTHER EXAMPLES OF GROUP ALLOCATIONS

Further examples to illustrate the assignment of groups in a
molecule may be considered. Ethylnitrile has a formula of CH3CH2CN. As
discussed above, the -CN group is considered a pseudo terminal group and does
not require a group value. The two groups in the molecule are C-(C)-(H)/3 and
C-(C)-(CN)-(H)/2. These are input to the programme as:

1,1
205,1

CiS-1,2-dimethylcyclobutane has a formula of C6 H12. There are two
C-(C)/2-(H)/2 groups, two C-(C)/3-(H) and two c-(c)-(H)/3 groups.
Additional non-nearest neighbour interactions contributing to the final values
as pseudo groups are one cyclobutane ring and one alkane cis interaction. The
groups inputs to the programme are:

5,2
6,2
1,2

43,1
490,1

1,1-dichloro-7-nitro-hept-cis,cis-2,4-diene may be considered as z!"e
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final example. The structural formu1a :S CHCi2:CH) CH2CH 2NO2. -he ;rzs .
the molecule are:

one C-(C)-(Cl)/2-(H) group
two C/D-(C)-(H) groups
two C/D-(C/D)-(H) groups
one C-(C)-(C/D)-(H)/2 group
one C-(C)-(H)/2-(NO/2) group

In addition there are two cis interactions. These are input to the prograie
as:

238, 1
9,2

11,2
18,1

214,1
490, 2

It may be noted that interaction between the 1,3 diene system is included in
the C/D-(C/D)-(H) group. However, there is likely to be additional non-
nearest neighbour interaction between the 1,3-diene system with the chlorine
atoms and possibly with the nitro group. This interaction is not included in
the group values. Any variation between the estimated thermodynamic values
and experimental values may be considered a quantitative estimate of this ion g
range interaction.

6. CONCLUSIONS

The computer programme simplifies the estimation of thermodynamic
values by the method of Benson et. al. (2) by prompting for the required input
and then carrying out the summation of values for each of the groups with
correction for symmetry factors. The output listing then allows cross
checking that the correct groups have been input into the programme. An
optional file may be produced which can be used as direct input to add to the
Australian CSIRO/NPL "THERMODATA" database.

Variations between estimated thermodynamic values and experimental
values may be be due to inaccuracies in the experimental measurements,
inaccuracies in the group values or non-nearest neighbour interactions which
are not included in the data base.

The authors welcome correspondence from users of the data base for
the programme "GROUP" with respect to group values which may be considered
inaccurate or incomplete.
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GLOSSARY FOR TA'-E I AND TABLE 2

For each group, the left-most atom is the "Central atom" of the
;r:uo. 'he :entra_ atom" has at least two bonds to other atoms.

Funct:onal groups which are normally indivisible (such as NO2 et.

and are externally linked by only one bond are regarded for the purpose of

group additivity as "pseudo-atoms".

All terminal atoms (or "pseudo-atoms") are enclosed in brackets an
are separated from each other and from the "central atom" by the dash or
hyphen character

A "/" followed by a number is used to indicate a repitltlon factor
for the atom or pseudo-atom" immediately before it.

For example:- in -(NO/2)- the slash notation indicates that the
nitrogen atom has two oxygens bonded to it to form the NITRO terminal "Pseudo-
atom"; in -(Cl)/2- the slash notation indicates that the "central atom" has
two chlorine atoms bonded to it.

A slash followed by a letter indicates a descriptive environment for
the atom preceding it. A list of the notation used is shown below:-

C/B A benzenoid carbon atom.
C/D An Alkene carbon atom.
C/T An Alkyne carbon atom.

C/A An Allylic carbon atom.
N/I An Imino nitrogen.
N/A An Amino nitrogen.

11



(1J 00 cq v.( ( ((N~l~ ( (N co 0 C 0 0D IQ M MN ~ S ~-
D n( .Al (n -4 .- ) ON Q m~dC ~ r ~ ~ (N r

co mM0 ) N

m -N -~ -N r~- c-~ 0c a 0 O f (N 
oW InW c> 

en N 0 
k

r- 0- m o.....................0.....................

r- 0 Ine w n '

a;-*a% 1 r:g In-o 10 In lr- o 1;w c c ~O r- o r r: t- lo 1 I*

a <D 0n mWC - 0 - w- r- O- (A 'n f
OC.

O D I~ * In ,1 r n ,1 *m

0

dA -4~

0 ID Cla wl to w( co w- - If - M ( --- D r ( %m I

0 0w 00 0 -

40

NN -. 4N(m- m

- - - (N

0 z. I

1.4 (lM~12



D 7- 0f C- ( '4 (n 0 In 0

C: . . . I I I I I I

w w . 1 - w I m- 2

cc a) -- n nL o N

-N 0- r- - w - In~ mr, ' 0Nm

-0 ( (NhrCD r- (

C) n Mr- w -o

r- 0 . C14( Co In 0 I r

C>O m CN r- In - n (~~-I a

I I I I I I

n n mo In n - m 4
3 0 . 0 . . I I * I I I I - I I I I I I I I I I I I

(n dm m m(N (N nnu

oo 0 0

(N CD 0 W0r D a a 0 a a D0 0 c
WI I CD m 0 (D w m w r- L 4 C

0 -4

moor 00 ooo C4 o .4 4oo C4o C4o ,o-o- 000

cc l0 0 0 0 C -C 1 1 C; o; C; Coc; 1 0 C; C; (r , o ~ -D 1 '

n In M rr CD- wolwn wNJ CNw u) w w (7% w n -4('JcN-(n cNq c r

-4,- t 4

-~~~ 000000000"0000000000000

CL 0. r r- ON ON a a - : C
0 -4~( ( 4 -4 -4 --

UU

0 w0' 000wuuu0 0 0
u .- 4 Q.Q LaC -4 = C'100r 4 o1 .-

0) >1 0000000uU 0' 0'0QU 0' 0 0u

-1 -4 " -1- 4 1 r- -1 -' I C4)W ,>
H ' 0 u'' -j u00 u4-4 u4 u uuuu uu0 u0MU.

0 U U0~0C U'' C U)0 C UO U0-C XI UUE JE

n C 0-- -N woa )w CC -w o w rC w4 0 ) (N4m)w4)4) w - w
4- en mmi m ( -7 -U w w)~ C -W w w - IV w 0 In I

r))- ))))-LrJ)-J ~ C 4 -
z- UC44 ~ )4- O- ) 0L ))0)'

U'~ 3



C 0 r-

C- 00 0

r- 0r I m I. . . . . . . . . . . .IC - N N n _In In ID

MNe M WM wIn0r - 0 0dN( 0 L
on r- -N r4 -4

C)Io I i I

w -L w m 0 r d) (M C4 w( wW M~~. m DM nc

C) ~ ~ O r-m n m 0 C ( M0 m44 w( l 000 C )In 00 00 r

0 0. I a .I . . . . . . . . .
U n - r- mr- dr- M ~r- c-O 00 M -W " -W nMM

M~ W MN t~ r- WM ~ r ko MN ( ( M M~C
4 

N -mw w a 0r-a WmC

o a 00 C( CN N o 'no . (N W0Ww r0or- 0 C) ID 0

00 0

(n 00 0 00E0 0 - ~ 0 0 0 0 % N 0t ~l 0
CN ~ ~ ~ * o P amoo o- o n oct, noonoac

C:

m -N -~ - W (N o W- M- 'W - M~ M r-0 ( N - - 0( 04 0 In do( N
r4 0 00 M O 0 O(N C4 (D O(n n o - m o mw kao n)(m w w 90 (C4 m -

r C( 4 r4N( 0N (N m~ (1 11 1-4 (N (N (1( 9( N ( 9W - WIC9( N m9 (N

u 04

0

C4)C

0 0 0 0 >

-0 00004-4 -4 Cz z; z-
u. . -

- 1> 1 - - - -- - u

1 -4 -,- 4 -0 00 -0 0 -

(9W m m mm uu uu uu uu -u uN -ZO -0-- 0 0 0

4. -4 -4 -4 -4 -H 0 -0 r - G 0 0 0 0 0 0 0 0 0w 0 0 al (n I I% ai ON ON ON 0 0 Q

U 414



co r I I I I

fn a 7C n- 0 W r Dr - W , r-s

0 '. - M C>O ' n W 0 (N M t 0 0- (N N 0
0 1 M CD fn In W 'D0 M MI Dt NM C

w 0 . o - 0 '.0 In WI %D0 ( o, 0% (N * r co, 0% W, M, MN~ 0

on - Ln L -m D =r - -r

In (N (N -l ai 00' fl'. 0.0 wo 1 NN 0% 0: 0 - -4n

-0 0(D 00 mI ~0 w % w% Inc r- 0 w tq- mn -W (n w C0

wo In oo'. r- rn -W oC r m- m o.w.-In -.ncoo%.-.- m ( C

CD 0 w rW m o (DW In m r- Go % C(N 04 cn -mmd% 00
Co 0 .N . ...

0 *D 00 I Ln 14 In I ;r 4 o W W %

'.0 ~ ~ C WI I r- 0%.W m " 0 0m 0 C4 mo w% m o O% m

C. m Inc - n-W %D%- 0 wo 0 00 r4 0(L N Ico m wI 00m

0 0

C 1r'0 CO IM W r C r < M--L D 00- OD r-0%. ' - ()N OWC>0 NW14 4 M

ra. W m% mo Imoo M'. M (In In(0 0 (N -% m0

0o . W I. . .( N. . .0 ...

0* I I I t C4 C4 (N(I 1

~~C-4

u 0

(N~ ~~~~~ 000 000 0 0 0 0 0. 0 ,. m ~o 0

C: cnW n - w - -- m m 00 m W e, w m -- m -W 0 m
- Cl I I I I I I: I: I: : :

:3 '

-



u a

- 0D (N
o . II I I I I I I I I I I I I I I

00 0
mE

r (N C o0

ao0
o 1 (1 I ci n Io co C- (N (N co I In

o . 0o (na)no N(o II I II I

u

~--0

-4 - 4
0 0v

(N 00 0 0 000 0 0 0 0 0 0

W euN (N D 4 N 1 (0 0 ~ 0 0
C:a - x wf(N CL u( (4 (N N

n 00 00 0 00 00 0 00 00 0CL $4wN I 00 0 0 0 0 0 0 0 00 0 0j 0 0

C: 4) -4I 4 n 0 a -04 m0-V

z 4 ~ 0

04 04 16



0

0j aI I

- % 0 -r

-0 0 (

0)
C, 0 0Q- a 0C
CD (n C4 m In r m W I Q ON

0- 1

C/) x r- r-, 00In%, q
(N C4 --I I In 04 ( I

c a. (N0 0 D00D4 Co C

r-4 c-4 Co (1 0 (NWll

C~~ - NN

04 f

~ 0

0% U

-z 0 % ( ~ 0% 0 0 W00 I

0 0 A- 0
cc Wf 4) ( (0 W - Nr-~r r-.

-w w o o 0
0 0 00 1-

1%- 0 0 0 0 00 0 00 0C :0 04 00 0
r-4 C% CI 0 00 00 00 0 000 0 z0 0

-4(ZN '4 00 Z0 'W 0 -- 0. 0 -4( a
0 0 (N 0 0 0-.( 0N 0 000(0W m I r -- - 0

-x 3'-4 (N -- -4( (N 4 -I-

(- 4

a Q)r- c ao (Nm w n '
(D Q n a) o rC

(1) z

17



*D .. . . .

- 0 (N r- C" D n o c nr -C

0
- 0 m o (Y T D IC 0

- rm - (N4

0 (N Ln m n c 1 >I

cl~~~~~~~ ~ ~ ~ ~ -- -n (N- (N n n c 4I 4r

-j .- '. n 00 Ln n 0 N dc0 w~N( Q w - ~~ 1.0 1
0 r-'4 CA (nN N 0%~e .oc q nr- c n co0 mI

0 D In-DL :In( n 6 or r n0 o'

wI 40 r e -r w o m(N - a~ 000 00 0 % 0n c0 m0 00 0 00 0-w

(N ( - N -4 ( r4' (N -n 041 (N* C1 -1 -LI - I

c0

r-C n M w W ' -W ' '7MU 4M w - lO
77 0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(Nul 0 0000000000000000000000000000a w W r4 r Ln*W* 00000W*W, n
- cN ~ ~

0~ ~ ~ O N W 10~~~.1. d~N~7~f

= a( ( ((o~.-I . NN~.- N'C .~ C
- I I a;I *o

o o - N (
o 0..~- o a a

m In I n wwmw L

0 0 'n CNr o 'D n % I n M(4 r oz- 'nWM
E 2 cN r4 IA cN m ( c4r, cnr 0 0N r)

I 1 0 0 0 1 z z 00

I~ r4 I -.. . . I I u.~ O I I I

0~~u - - - --.II -NI -N -NN I I N

m0ml4

i.) 2

18



0 CD

Co CD CC p nC

.0.

- 0 N N 4

oI~~N~ N N

o 0 m N N NC J-

0 CL ~ ~ 0 d 0 nN N0
- C N -. - N

CD 0 CD 00
o - m ! In n In

N-4

:00 0N 4-04

NN ND CDN CD Q

o7 x co ta (n InIo
rn C, rn C4 I ar N

CD 00 O d 0 0* CD 'N *a

-W .1 'n ON -- I INo - -( -

z 04

N N4

0~~ 0I I

z 0o C , -

I -

O0 -4 0

z~ (D nr
a) . :2 2U :! Q4; " - - 1 4r4C

:3 E r4 q (NC4 14 r r4C14 CNr~a 40r

rj* :3
u 0

V)N

19N



C> 000 CN0 000a(N0ar-r 0 0 ~ 0 0~ r- m' 00000m C- -I
. . . .r~ .

-(N-- - -(N 4 - -- -- -- -- -- -- -- -- -- -- -

10 (N - 1

-N 0 -

.0 a, 000000

0- a,0 m m~( w -m m 0 0 ( - m C rm

a) 0 ..

0N 00 a~ 0 a 0 a 0 a 0 Oar a a ( 0 a ~ (N 0l0

0 .

00 00 00 M( J0 0 0 0 U) ~ IN0 N 00 0
0~- CN 3 dd 00 knC (

0o .a a a C ,C C C ;C

(N m o a~~ n m m ~ m' d DO cN m~ - o 0w- w w w n n
0- co w " -mww -wn( mnmw r - m - - m

SCL

(N 00 0 0 0 0 00 0 0 0 0 00000000

T3 U

-4 C-

*~~ U U U I N ( I I,

(N (N m N..

Q 9 C4 m -W n p. wN 0 0 (N--m- wmwInwr wmC

I4c 1 C4 .. ( .N( . C4 r4c-4. . . 4" C N 4" (4 r

t --z.-..~I U U- - U .'N.

II UU O I( -- -- Z I I~~20I



-0o - oo C4 ) 0 ' ) 0 N o c -c
.0 . .

-, ~ ~ ~ ~ ~ ~ ~ I o3 a,~o o ~ a ~ ~ n~ ~ f ~ f

0 ~ ~ ~ ~~~ w -. n-( -w-4m mQ O -r m w r ) l c

- 0 LO

0 a i Q C

Um 0n (3 o k D o I n

a a00 0 0 0 0~ 00 4)J (N m 0C) ;; en N D(

.~ 0 . . . .
o ON m00 m m O (N a,0 f Ln 6r) In I r.f (N

0 3 a 0 0 0>C a

0 . . . . . .

0 0 C>Q a a 0 0 Q a a 0 ,am wt -C

c(coN 000000000000000 r4
- r ~~ ~~ 0 oI %I n- n

C>2 0N 0 0 C C 0 00co00 0 m w0~ N N( e( 'n o w

w ' - m N w N r- (NN' w m a w -'
.1 In w enI

(N -4 m cN dCDdmw -W

In I IN IN

.~$4

oo w oa a D D r r- r- r- I r -f ww w G N C O
=I ( C ( 4 4 N N r4(1 r4r4(N Cl0 ( C (4CI " (N (N 4 (N r N r r NN N 4(4C

(A1 -.--. ~ -

21~c2 : 0 3



- 4 4D CD N D~n r J) J) r-J~( 0 -o r, r 0C

CN m- n m C14(N ID (n~

- 0 an n a (N an . ~ -0 (N C~ t) l .len an ana W d d 0

. . . . . . .-

7 00 7 -w a)

M .C)a W I .. nt n ' n n m 1

In wna @ I- n

Mo r o i 0 0r-M q MN (ND fd~~la W0~( M-N( o O - lr

S0

C,

- 'n- - .-. - 'n a)' m- -n N -7 cn r4 w ( - (

Nl - 0 n In

uI I p I- I " I

cn~~( (NLN Ir

z - ---.- - - - -
I IN( 00 ~ 0z!

0. -. U U1 - (N0 7- 00' 'o N -
In (12 u -. 1L/'- I M uuu uuw . 0-0u0uu nzV

z-N ICC% M aN N N a- -( 0 a 0 CC4N-. C4C (4 N ( 1

(12 N ( I I-N n n-- In en en m Im en m N. g. m.m.m- m (n -/ en ( n

-- N -- -N --- (u--0- ~ ~ u I I. (

in .- I .0 12.N(, IN N.~ C )~ J -- -' -- -- N..2I2-



0 00

<N I

00 CN -Wa

a9 c3 a(d 0 C. (D D
0o co drt - -w In

rq~ rI c

C N en -w m (N

0( 0

u) (n (n9 - L .l)

(N - r ( ( N (N --
(n j j I I

0 (N

dl .-. 0000~ 00 0 0w0 0

NN 0. (N0 en 0 90 0 0 00 c4 m N m C

u LI u~N -u.. l I I p -

-D r-w m c 4m. )w r o a

m nm-
'n M me n mmU n m m m e

023



I D

CD 0

00

C) C) w

71a
Z) I I I I I I I I

oC

oenII I I I W Io M I I n M en (N F

~ 0

" E

L 0. (0

L4 -X :

0 I x Ij I I I I1 I I I I I I F I

a) C/7 0

- ~~0 0 l M00 0 0 0 00 0 0 0 0

N 0

0 Ju

a)- n n I In In In Inw w w wI 0 - r -c -

a) z

C2



. . . .. . . . . . . . . . . . . . . . . .

0 a D 0Q 0 0 C5 0C. QC, a C Q > a D C CD 0

71 l0 0 4 ID o

72 
0

M2
z2

r-r I U C"I

2,~~ - -Im I

I I I "I ON IP a, Il ty fi ,

25,



C 0 )

C0 1 I I I I I I I I I I I I I I I I I I I I I I I I I
0 0

0 0

U0 0 0 C

U0 0D

0) 0
c o 0

0 0D
o o 0

o F II II I I I I I I I I I I I I I I I I I I

o -4
o I0

D4
- U~ e M In I °0

0 -

u

a CD o I o o CD C , CD (D o o o00 C 0 0 0 0 C )a a C

S -00000 m 0 0 000 000 000mQ CmCDm m w w w 0 w6 w - wIc- r 00 00 00 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(N 0 r- 00oD ID0 w N Cn (N0 7r Nq MO n 0C

0O 12,0 CL z

w - - E(CD N~0 ~ ( U~~.u I I I F; -1 .-4 N "I.. N C4 ~ a

-4 -4 - - M - -FL

I-I

262

o4 o. a. u u 0 000
Z- U,, -(N- m- -- I

U n - 1 m (N (N m - m I I I IN (NIm 111 C

- --- --- - U U U U U 0 - --- 0 I- - -- --
U U II I U U2 U O Z - - .- -- --- u u 0 I I I -

m mm -- - I I I I I I I I I I - -- -- - - -222
I11 1 1 1 1 1 1 0 0 I 0 0 0 0 0 0 0 0 I 1 I 1 I t I 1 11 11 iI

qw v- -a -W w w r- r- a w w w- w w W

26



qC

-:7

- 00 r

C)0 C 0( 0C DaC 0J D< f 0 - o 6.CoY Im r4 Iw a CN Q I Io C% (M I- a$ al m l- - c W c n r n w O n ' 0
rl00rl C cj D N'n r- oc 0 r4-W a 0 q C1r-coIn c C w qrr ' - 000

-o 0 IN I (N I% N (N IN a I IN I 1 0 I N

0..

0 z itNf

-~~C (N.4cqc

0 u N 0 U U-

0 -0

(Nz -

Inw0 or Qr 0

In In LI.n a I n I D w1 w w D w % r -r -r
w w - - w w - w -

(D _

- 00 O~ o O O O O O O O O O O O O O O ~ oooo27



0 CDCD 0 0

ID 0 ID C, a .

a% ON aN. '00 0 CD0

- 0

00 o .-.- 00 N -

0D( m c..)W m-0'. 70

70 c> 0 I0 ( -w m I

0)i - mc cD0o0 0 0 0a C. 0 a 0 0 a 10c w0c
0 fn In I w m C, wI D 0 m w c>r D In c In r4 en

N )r -w - 1 1 N -n 04- w

0400

0 U '.o 0.

a4 L4 C 0 0 0 -

~ 0

Z4 Ac U ~ W00000 00W0Z 000 00
u. 000 000 0 m0W U 0 004W0 1 0 ia

= 0 I CL I 0 I
0 0 0 90 14JE 0 C 0 0 >,4 -

I-, W 4J6 0 0313 .>

U 0 a I00X00I00.0 000 0 (1)~0

0 0 0 1 1 1 M0 ro 10 a 0 0 a a04 4>,

= Z 4WWMM JA 0mm

4J 4 -4O W0J& n4 -

0- 0 0 :aa01 WA
u z z ~~0. 0- u
I J4 -u.~ m - 0 a9zzz a4) -j

-4( a . 4.j W W 1 W 00 :3 1- -4 W '-440W1 4
0- u u. 4 4 c00

e In *J > w wnC -wO
w w ) m m m m O444)-- ch0m0 Io
w w v w j )- C C ) ) ) .w wq..r- L L 4) oo A 4

z30

4) sJ~J~)0 4o4) ) J~JiJ-JJ28



0 0 C D D 0D D .
DO0 0 000D C 0 0000

-00 CD 0) 000 D 0 0 0-

-0 0 D0 0 0 0 0 n00 -In0

0~~e In m

a*D 0 C 0 w 0 0
o - -(D C Do cD c n -a n N

CD- oc 0 0 0 0 000o 0 r- a~~d
0 CD (D CD > I I0

C1 C 00 0 D 0 > 000 0Q0 0 0~

0 ~ ~ : CI C,* I II . . . .

CD Q. 00 0DC 0 00 0

co 0 I I I *l* *I1

r- (N -( n

o Io 0 0 0 0 00 0~~

00 0 0$ 000 0, 1; a$a

0D1 0> 0 0 CCD0 0 0 0D0 0 0 00NC D000I
0%C -I-m N -In r- *I *I N *I NI 0 w I I

z 0N

(NN

d ~ ~ N -4 Nd -1

(N~~'C 0 d0~N~~ 1 ( N - 0 ( 04f

(1)

E2



C C C CO CCCD C C C

C N C, CD Cn CO 0 0C m0 m0 C

. . . . . .

co r00 0 0 0000O4r ( r-O(D dD 0 0

Y. 0o C:; -( m 04 04 -(N CDf) (N
3 - 3,- r- (N -

aoa0 0 en0 0 0 o ~m CD d0 a --
- ~ C 0N In ( 0

00 . I

N(~ ~ -0 ,0 -W L0 CD (N co -

2!- - - (N -

%D3Dc o0 0( 0O0o00 0( a n - oo N 0 In

ID rr- r Ln C- 0~0 04 0 0 ( 0

o - - (NN InIn

mOO C 0 00 0 0C c 0 (N cD 0 D0c %L o G nc

<D. 0N In fn N D I 1 N , I

(n0 m ~ 0 0 0 0 al cN 00 .IfrC

0N dc. ( a~0 Q~N0 C0 0( a(N(N c D o0 0 .o

m m cN D NIn - - ON(~ -w odco-w 0oc c

; c4- a; I -

(N 000 0000000CcD0 0 000 00 0 . c > wr400mc 0 0

-D r4 I r

~oc4 00 0 0 0 040 0 LL~o ~ o ~ -
o~~r -0 a 0( 0*( 0 d1d - -~ m ~ -~ W O

ulU a 0 z z zd

-~~~~~~~~ m IN NN( .( 0 r (N- c,4 I I I I-.-
I 0 - - - -- - -

0 -- w w

300



00- C-- f- 0

0 0) ON M 00 3D 0.

IQ c> 0oi m 4 0D af 00 C)

C0. I . I I . I.
oo 0N 0) a) i 0 c0

C)0 0 m 2

o0 . o o.. . . . . . . . .Ir.. . . . . .

o~ 0 C, In r- a p o (N a Q N "

r- cn c1

m 0 -w IN 0o( -

C)I I I I I1 . .I I . I .*

a,0 Cl ~rjo c> 0 N In r O(N -C

r- OtJN QN0 (nN w oc cN d( n ( a

.00

a . I n I m a o C,0 D >0 >N 0C. *I
co 0o --~ 4 ( w r- 0 - 0 . -m Mr

-. c) I I I In In

(4 -1 M 00 D0 0 a 0 0 L 0 0 4 I-V0 W 0 nC
(n 0 W~N0 ( w <Na 0 ' D , N m QL Dr l

0 Io -- I In N -w "Na% I In m- l qr n -

-44

0

0 t-4 a In I ~ I 'N 04 X 0 0 z---

c 1 1 IN 1' 14 I I' Il I 1" I rl r14 I r" N' Il N I I

(N (N (N (N (N (N (N (N (N (N ( N ( N ( N ( ( N ( N ( N (

U

c: 1 0-00o 000040I 000- 0000wm0ow 0m 000N0t0-0C 000000w0W I

I I I I I I I I I I I I I Im
0000o0o00 :00v000000o0w00a0v00

D 4r 4 4 1

z m N N( w (r

31



CN -- -

-Ce CD C C) O w m

Co i . . . .I I .
c0 r-~( ( (N M (N~

a' 0 F' 0 CD 0D 0CM M C, 0
0 rn (N JD - n r-~~ C>
C) I . I I 1 F F F p.'

-~~~C w mf~( ( - - Nm(

00r-C cdl' 0N 00N 00 0 r--O~ '4 m
i 0 1 F' I 9 '9 . . . I -I

m a o N 0 0 0D r MC co

'9~~0'9~ 0 0 (C0 '-~ 0 w

C, w~ '9 wF r a In wLO (nL M M r- ' %P9

U)lN0 CN '9I N r W- W- n M( -0 0 0 - '90

cc '9 Cm 0 a nL 0 CD .F ( -CD 0 (C UlI

w n 0 (Nm InJd' 0 (C , I wN - nmN-Wr (C r ( I

~G4-4
1 0

0 0

I4 F I I I F F 1 F 1 F1 m Fn - - - - - - - -

.) O

-- In I C) 1 4c m w w r-0 C n r 0 r C

c 0 0 w 0 'n C, r
(N 04 drN-Cm 9' en C-1 FN r~ r n (

(N ~ I F F F F '9 F F F F F2



CD CD< 0 0 CD90 0 0 1) -

n 04 - aD o .- r-.

CD 0 (N r- In0 <N CA C )0 N - NC D
CD 0 . or ~ CD r-c -0 r4-
0 1 I I I I .

-r 30 C d; 1; C; J)~ D r

a CD n 'n r- r- Q a -- - r- - - -

0) C < Q aD<N a a a a 0 40 aN <D 009 <C>
-D 0L CD 000 (N 000 "1 It 0 9O <

co - ) <9m r C3 O

CD CD 0 -W ON D Q~0 Q( r- CD-

C 0 CD00 0 C 000 00 Cl0 c o C0 go 0<9 <0%

0 0.0 CD 00 q N 00 C> 00a< ~
CD W a, 10~d~ ~

00 0 -d< ~ 00

a, C I CO <9CC

0 In .D .0 6I I ) In

z -4 -

r4 11 r4
0 00 00 <9O 0 0 0 0000 9r<9-

-- l ul mrU- e I <N I I I I <N

0 0 WU 4f 6 r - n w O 4t
(N ( r

11 - 00 - Q000000.000 ,0, 0a.,00000000

<9 ~ 0 0 < 0< 000 9< <9< <9 9<9 9< <9< <9 9<9 90 - 9<<9



00~ 0 0 ID £0 0 
000 DC 0 0 :D 00 0 0 0

- 00 r- 009 00 C0 0000D 0 0 0)
-a 0n (z (NC0 4 0 ) 0 0 0 r N N-

0 0 I I .

'D0 ~ C) 0DI D0 0 0 C) C CDD 00 0 0C> 0
- 0q X n, 0) 00o 0) )0 C> 00. C0

0 r- ID . I*

w0 om< ) c > a ao C, oQ oo c> c0 a4 ( ' 4o

'.0 ~ 0 0' 0 (3% '.0 -N Q DI o 0 a

In

c> a0 ~ , <D '.0 c) (c>N0 C, a 4,c a c
(N -wo r)-DQc - -lia o c

C) ~0 .00 00 .0 000 - I - -

4D, 14 (NN0C In 4

cc 0
m) E

(N OC M 00 00 000 D <AC N'nr wc 0) 0 0 0 0 0

)-Q'0-0 MO) 'oo o oD r- 1r o w

t I

n4 MM I M 0 oC) c> '.0 Q 0 0) -4 a a M0 4,4 '0 a, 0 '0 4, 4, a N

(N 0 440 (N 1

5 -- 4

0.

0l

0

-,4

-*4 ..r r 4 C- 1 (N

M) z

v)---( U U Z

(N34N(



ZN -D- 7 D ' Z

-0 m C) 0 l r Cd ~~C C .0 r- 0 X) 22

- C n 00 C' 0C C C C0N n 0

AJ) In C> a) C m )Q C>C a CD

I ~ ~ r I (N (N CN0nC C O 000 ( I O

ID 0)O C C14 C C A N~ C'Nd A a()aN a 0 C CA> C

D . I . . . . . . . . . . I I i . I I .
r - 14CC' ' ( d 00(

r- r- o. r- (n ID C4 0 m m ' 0 a CAAn ~ -

CO I I

OI' -' C 2q "1 C'0- A

M ON C. mI *I r) In (D a o ( Q cI

kD nC C Ln 0'C. C . 0 M, A (N( 04 L

ao 0
C, E

-- C1r l D(nnMO D0 -I n -W' ~ ~ ' W 00 Q ! W-
0 -1. . .

-w .3 00
I v o w c) w r - -w C n r

- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* ~ ~ E) r4 - -~ - - C'-N- (N NNqN
- 2 I

.'~ L4

0 - - 1)E - -

r4 (N N- (N N C1 - (n m

N ~ N35



100

0 D CD .~s- 0 C> S - D

0 C. .

0 D C, -~~ (N C- n do ) , C

ID0 0 0 co- 0 In0 -0 CDo 0

0) a) 0 00 mo 0

0 CD . D ( p ) n 0

S 0 0 > (. 00 0 (NO C9 C)00C- 0

C0 10 CN -0 l 00 m <n

00 d IDO 0 D M~ 0 3 CD d0 0D

.50 0a0 00 m r- I 00 0

x ,0 0 .1 CD I m r- )

C3 0 (0 CD( 0 n C>0 o ( O0

0 o 00 . 0 r0 92 (D

0 - a) c. In In X. I I0

co 0

0 OC~ CD C> M 0 00 >C>l aC 0 C)0 0D0 MC

(N 000 0 A 0 Cl09 >2 ) - I ( O 00 0 0 C~ 0

. . . . .. . . . . . .

ml (N C) co 00 0 c m r- Cl -0 Q l ( o oN m ~
7-U l )C m r N m n O 4 4 n m m C40 n

(N 0 C ~9Cl0 0

a) 3.. In w m w r- a Ia w I- I o m m w I

0 C
01 r

0-



00DZ)0000 D C 2

0 COD ODD 0 0) N D

Z) 0 CDODD 0 0 D

"I .r CD C) CD C D

00 0 0 0 0 0D 0- - 0

0 CD0 000 00 0C)
C0 . . .

Co000000C C C 0 0 C
C> 0 0 0 0 0 0 0 .f.

U 0 I I

00 0 0 CD0 , >C
0D 000000~ 0 0 0 (

I, .I .. . I

-00

(N C 0 000 000 0 0 000> >CD C 0 0000
0 00CD0 0000 0 0C( a N I 0 0 0

cC . .

cJN m ' I-C-c D C : , 0 )C D C D I C>(N 0 a :

-o r-0 4c 0CN () )C

(N1 " M(~ 0 D 000 000 0 0 0 0 0 0 1 0 0 0

C~C:
1) -4 c 0

0 (N - -V) C

c- 0 -- -
mV TI 0 a 0 u

-0 L4 m -

0W w V 0 )
SV 0 C7 CQ -U O am C

IV C 1 V M V -U I , Y,

V 0 V x l~ 00 V L 1IawC Cj C:
~0 x 0 O 0. =

O0 3c0 l w3 > m .00C 0 0 0
a0- Q) u 0 4 r

0~ C-4. O V C 0.2 . LOC. C

EC ~ 4l I 1 0 a Z) :n I CCD

z 0~ zV 0 0 1 u I I 1 0
z u J 0 .2 u u u uJ= m

U 0 0 0 0 0 0 00. 0 0I 0

0 0 0

U - C N. -- - - - - - - -4 - --- - - - - - - - - -4

Tu o u 00 0 0 0 o 000 4. 000000

.0 D 0C 00 wa 0cCC C C CC C C 0

w 0



z1 M rZ( CN Q f 00)z

0 cc .n .o . c. . .

-4 o p r- 09%~O ~ (N

li In I Io JP .) * ao I

- 0 cN( 0 9o cn 9 r4 0- fn .

C3 . I . . I

a) :4) p c r-w Woo ~ d %0 0na

U D~d (.' N ~ doom (N c> c1

C) - -. -C C1 9-. (N 0( )~ -w -w w e - a

c)0~ N 4 cDmaoc40 0 - C 0

(N C> a a -w0 (N D 0 a ,M DM( 0 c:
O~ -- C90C m9 ( %. 0 0 p

(N 000 ~ 0*~ c;000000d4C000c

cN - M o - -w - ( (N m N( m (

0 oV
cN (NU N ( nc n r

0) 0

d -4 C~ C d~

(N 0 0~~~ -

04~ (N

1, z- I r

u0 w

-4 w mm2 4M

00
a

008



0 0 0 0 0 0 -D 000 0 -
0 D 00 0 0 W 0 0 000 Z0 .

- 0 (N 00 m 0~N 0 0 a9J C0c

- 0 '4 C) Ui (D D C

a~ cc C Q 0 0 r ~ 0 m 0pco C
-D 0- "0 r, d C>( 0N 00 m a) 0

n Q co co (t 0D 0 CDN6 Q 0n0 r
0 co a) I 1 1' In cla. C . CD ri '9

u 0 I I I . 1 I .

0 C>(N 0 Co C0 0 CDN 34 cc
0 (N4 CD r- 0- 0n r, a 3D 0- 0n C

0~r (n (N 1 ; 1 1I *

C) 0(N co -W0 0 0 '900 0 (7 34 0
0- In r0 0 n 0 .-.

('4 - N a;(' cn* (N m 1

co 0
m~ E

U(NL 00C 0m 09 (' 00 o0Mr n 0 c 0

N -W -W - CN (n - r' CN (N

(N IW v C-4 0 0CN00C40m 0 0 n0 0 0n0'n

~1

E

(0

w'
00

0

w UZ UUr-9~ 0- C> I'.. m w'. l-ww.-w.((NOQO mw

I ~ ~ e Iq rq en I I l.n 0 0 '.----

~~uu uou ouo uou uuo uuu39z



-D c00=000 0 0 000~

0DC 0000C)0 0D C 0 000) 00C0C 0 0
CD 0 0D00C)0 0D CD 0 00 00C)0 0 0

0

0 0000CDCD0 0) C aaC 0 00 000 0 0)

7 CD C 0 0 0 0 00 000C 0 0DC D C

0D 0 0 0 0 000 000 0CDDa 0

a 0 00 0 D 0 000 0D00 0 0

0 0000CD0 Q0 DC 0 00 000 0 0>

0 0 0 0 0 000 000 0 0o C

0 00000 ( 0 0 000 000 0D 0

0DC 00000 0 0 000 C C 000D 0 0)

.00

0 0D tr- - 000>0 00C
00 ~ ~ ~0 (Ar-m(DC w a

0 C (N4 %D~N~ 0) r n M

- C) oo o oo e 00 000000000000000 C;1 1 C C: 1
ao Q00 000000000 00 0aa 10 0 00 a0 000C>000000a

( 0 C) C ,w 10 nI J N w . (Nm cn 0( NC W- N W; N C

'n 'n l l ID CI N- 'n - I In o 0 0 C - ) w C

= - I I I I1

13-4

Cl Ow N (1) x x 0

-1 z 1 C: 1 (V

('44

In4~ (D ( ) Ir

w w w w W w v ww m IN - - -

a) I
Vl)- .

40iz .--



22 -1

w 00C 0 C 00
00 CD '5' 000

cc [D [DC>C

0 - -- >(

0I C 0 0 0 ON
C> 0 C) 0 0 C) 0 (

Cl .. . .

ONO D0 0 0D 0 n
0 - 0D 0 0 0) 1-)

In I ( INI IN In

0nC 0 0 

-W r4I In

dCN ~ 0DC D C DC >CDC D0aa 0 0 C 0 a
co o0 0nr- a I N ( c n 0 0q 0l r4 I

0 I .I . . .I I '
(N~~~~~~( cN- - - - - - 4r

cN -o I c 0 0D 0 ooc >Qc >QaaQoQC 0 a tI c
o q aW ID ' 0 0 o ( - ne ( c oC n 0 0 M

0 m I I w I N w -w w (N I- In w IN J1I I

0 0

_ CN 00 U0 0 00 00 00 00 00 00 00 00a
0 - M0d a :Z' )0 () )() 0 Q ('')0v C

0N 0 000 0 0 0 00 00 00 0g0 00 00 00 0 0 00 00 0o0

-- -4-1 4 -- 4 - - 4 - 1 --- 4 - (

(1-4
U wQ.

C: ~ ~ ~ ~ ~ ~ ~ ~ I a) w CmmoN)L w o r -

4) ~ ~ ~ ~ 0 -.0 al DC~4 %o~l 0 anL w r D a Dn n n. o-

a) z - 4).

C .,.)) l) - ~ 4J .)4 ~ l441C l



00 000 00 03 DO0-~-

00 0 0 0 0 -C

CD 00 0 0 0 0 0D0 000C>0 0 00

0 0 C) 00 00 000 0 00 -C
0 C) 0 (D0 n0 C >C

.0

00 0.0DN0 0 0 00 0000a 0 0 0
u 0 00 omO 00, 00 0000C C > 0 00 CD

CD ~ 0 00 0 0 0 00 000 0D 00 0 a C D C
0 0) 000 0~ a a0 00 000 0 00 0DaaC

00 CD 0 0lC D0 0 0 0000 C 0 00 0D c
CD Q 0a InCD 0 0 00 0000Qa 0 00 In
CD 0 I I. . . I

.3 (N

00 C 0d) 00 00 000 0> 00 C)CC
0l 00' 0.C3o0 0D0 0 0 0000 0 0 D 0 a 3

00 000 0 0 00 0 0 0

01 00.( C 0 0 0 0 00 0 00Cl 0 0 0D C Qa0 C>-

0 1 1 .. . . . . . . I
V) 4 4 c, li )*In (4 C -, Mco Q* In (D - - ( - C r- r- (- %DIN

N d c < a ~ 3 ~ 30 .3<3,No.o.0>0Q cC.Co .0t -D0 a( a0 a .00oc

- 0

3u

00

0 0 0 c'4
u ~ 0- 04-4

0 u a u u
I ~ ~ ~ ~ 0 Q -0 u , Q4

, 1 0 Q) Ia 0 1-0 Q

>' 1 (1).1 a ") -o I
L4 uo4 - 0.0 -4 w - .

flU U0 OJ"f C0 a)~ C

0.) >1 >s ) r- a)0. 0. 0 U.-- .0
0 0.) 00.44 L r ) 0) Q) - *0.44.ea 40i= - I U - '

0.CL .NWWCa 40 1 0 144- >,- -4r - .U1 - 0 CL-
0 0 0.)C CCU -m -~ mC 0> > -- --4amm(uc- : ' 0

-- -1" > 1 xx>1>1> m-4 " *j A- >. 0 a 00. m m 'mm NC 00C)wC

0 0 0U '0 1 '0 10 '0 -4 ') -) 4 C 1 ( J(= ( C C C Z 0 0 0 C 0. 4-. -. a 0. V)

>* >, -4 - -N4 -- r4 -w LD .7 0.) M . 0. as o . w. c0 w 0 rC- o- w- 'D 0.

0 442



0 0 000 0 00 02

00 0 C 0> ) 00 C,

C) 0) 000 00 - ~ 0

-0 0 0 000 co .- .r- 0- 1

0 0 000 r- C, 0

.C) (N

0D 0 C,000 1r- -r-,0

C) D 0> 000 C> Lo o r c 0(NC

X)L In In

0D 0> 000 C> CN co OD CDCo~C ao 0 Q 000 . n -- ~)

OD 00 000 0 0 0

.~ .. 4 . . . .

0n 0N 000 (N CNQ 040d 00-C .)C

0 0 0 r - m- 0 00 ( (N - ~0 aC 0 a

0 I0 I In a) I v " m1 C, M

Q 0

( N N ( ( IV >1 (a1

(aw

(1) CL 1& - oi)
::I 0 W n Wn n 4..)G d~ Wn 4- W(I W

-4 rn (N4(

L4 $--4) )0 0

0

ccV

V ~43



CD 2 2 0 C) C)

j- 0 0 0 -

0 C> a 0 0 0 0 0

0 C- ' 0 0 CD0000 0

C> 0 a 0 0 0 CD
0 C) C. CD. ) .

C. C> 0 0 0 CD

0 ) 0 0D 0) 000>C>D0 a
C ) . , . . i I . I I i I I . I . .: . i

Z 0 C d aC. D 0 0 000 0

0 . . . . . . . . . . . . .

0................................... ....

.0 a, - -~ r r C0' D o >0 ac a c 3w
-n ~ (N d) w N m I q0 ~ W M W r q r - a 0

.2 t- M2 wn I I 4Wc wn iD I n (N I (N~ w a I mn (N In m

*~ m0

0 0 0 0 0 0n n~ - - 0
00 (n- 0000 0 0( 00( U7j 0 -ca (nU I ) oU o

ON (N n N~ w0 N- -. .* n - vN wc4- aNe o w
r4 -- - - - - In w o w w w r -w k - o r -r -I 0c

m cl m m -W v ( m C. m m m rlen m e m m

3)



APPENDIX 1

GROUP ADDITIVITY PROGRAMME
Version 2.2

P.J.Sanders and R.K.Solly.
Materials Research Laboratories, Maribyrnong

Victoria, AUSTRALIA

P.O. Box 50, Ascot Vale, 3032

Extracts group thermodynamic data from a data base and compiles
corresponding data for gas phase compounds by the method of Benson et. a-
Reference:- Chem. Rev.; Vol. 69 Part 3, pp 279-324. June 1969.

:f you wish output data to be appended to a disk
fiie, type in the name of the that file.
A blank name causes this operation to be bypassed.
-- ' mydata.txt

The output data can be incorporated into a command file
for input to the CSIRO/NPL "THERMODATA" program "FILER".
7o -se this option, type in a name for a "FILER" command file.

A blank name causes this operation to be bypassed.
-- 2 myfiler.fil

"FILER" requires a unique formula and name for the data base
as part of its input.

What is the formula to be for this compound? (EG. C8H9 (G))
A blank field stops the program.
-- c5h12 (g)

What is the name of the compound. (48 CHARS max.)

-- 2 2-methylbutane (q)

Overall Symmetry Number for the molecule.
-- 2 27

Number of Optical Isomers for the molecule.
-- ? 1

7nput the group sequence number followed on the same line by
a comma then how many of that group type are required

Al-I



7" 'e 22.e -ser 7 ay scro.II .3;ackwar(s or (F)orwards

-. - th'e :aza and Deiete or overtype lines as desired.
A 21a7k fie- toerinates input, after which
i :-rter :rr-sn - :crrect errors is presented.

-,.e requilre inu fo-r,7at is: -

<qrz..p sequence number>,<how many required>

- - -............ . 6 ,1

- ------- 5,1

3 -------------- 1,3

4 -------------- 485,1

5----------------)

Are you (S)atisfied with the above or do you wish to
perform some corrections' -- answer S or a line number

2-methyibutane g) Formula = C5H12 (G)
Symmetry - 27.0, isomers = 1.0, Entropy Contribution = -6.55

jHf 298K) dS (298K) Cp300 Cp400 Cp500 Cp600 Cp800 CpJ000 CplSO
cal/mol cai/mol/K --------------------------- cal/mol/K------------

3. Required of Seq. C-(C)-(H)/3
-10080.0 30.41 6.19 7.84 9.40 10.79 13.02 14.77 !1.53

i. Required of Seq. 5 C-(C)/2-(H)/2
-495-: 9.42 5.50 6.95 8.25 9.35 11.07 12.34 :4.25

Required of Seq. 6 C-(C)!3-(H)
-:902.2 -'2.07 4.54 6.00 7.17 8.05 9.31 10.05

2. Required of Seq. 485 Alkane Gauche Correction
800.0 .00 - -.

Press <ENTER> to continue --

TOTALS -- 2-methylbutane (g)

Hf (298K) S (298K) Cp3OO Cp400 Cp500 Cp600 Cp8OO CplOOO Cpl500
cal/mol cal/mol/K --------------------------- cal/mol/K
-36290.0 82.03 28.61 36.47 43.62 49.77 59.44 66.70 78.16

dhf (289K) S (298K) Cp3OO Cp400 Cp500 Cp600 Cp800 CplOOO Cpl500
J/mol J/mol/K --------------------------- J/mol/K--------------
-151837.4 343.22 119.70 152.59 182.51 208.24 248.70 279.07 327.02

List file - mydata.txt
'FILER" batch file = myfiler.fil

What do you wish do do next with this data?

(A)ppend the totals to the current output files, go back and
(R)e-enter all data; just (E)dlt sequence numbers or
(D)iscard this molecule. Answer A, R, E, or D -- a

Creating a new "FILER" command file. "FILER" requires an access
code (usually the surname of a user) and the name of a "THERMODATA"
data base. What will your access code be? -- myname

A1-2



-s tne name of 7!he '7HERNMODAA" data base
cpdiben

3fC',p Addit~vity data has been appended to f~les

7:-Iue ;sin~g the same output filenames or quit-, (Y/N/Q) -- q
-c ?fcgram terminated.

Al -3



APPENDIX 2

GROUP ADDITIVITY PROGRAMME
Version 2.2

P.J. Sanders and R.K. Solly
Materials Research Laboratories, Maribyrnong

Victoria, AUSTRALIA
P.O. Box 50, Ascot Vale, 3032

Extracts group thermodynamic data from a data base and compiles correspondinq
data for gas phase compounds by the method of Benson et. al. Reference:- Chem.
Rev.; Vol. 69 Part 3, pp 279-324. June 1969.

:f you wish output data to be appended to a disk
file, type in the name of the that file.
A blank name causes this operation be bypassed.
-- I mydata.txt

The output data can be incorporated into a command file
for input to the CSIRO/NPL "THERMODATA" program "FILER".
To use this option, type in a name for a "FILER" command file.

A blank name causes thi operation be bypassed.
-- I myfiler.inp

"FILER" requires a unique formula and name for the data base
as part of its input.

What is the formula to be for this compound? (EG. C8H9 (G))
A blank field stops the program
-- I ciih22 (g)

What is the name of the compound. (48 CHARS max.)

-- 2 (n-hexylcyclopentane)

Overall Symmetry Number for the molecule.
-- 1 3

Number of Optical Isomers for the molecule.
---- 1

Input the group sequence number followed on the same line by a comma then how
many of that group type are required.

At any time the user amy scroll (B)ackwards or (F)orwards
through the data and (D)elete or overtype lines as desired.
A blank field terminates input, after which
a further option to correct errors is presented.

A2-1



... ' D rmat is:-

<roup sequ;ence number>,<how many required>

-- ? 5,9
2 --- 6,1
3 -- - - - - - - -- I , 1

- - - - - - - - ? 45,1

Are you (s)atisfied with the above or do you wish to
perform some corrections? -- answer S or a line number

-- I S

n-nexylcyclopentane Formula = C11H22 (G)
Symmetry = 3., Isomers i., Entropy Contribution = -2.18

dHf(298K) S(298K) Cp300 Cp400 Cp500 Cp600 Cp800 CplOOO Co!53
cal/mol cal/mol/K cai/mol/K

1. Required of Seq. I C-(C)-(H)/3
-10080.0 30.41 6.19 7.84 9.40 10.79 13.02 14.77 17.58

9. Required of Seq. 5 C-(C)/2-(H)/2
-4950.0 9.42 5.50 6.95 8.25 9.35 11.07 12.34 14.25

1. Required of Seq. 6 C-(C)/3-(H)
-1900.0 -12.07 4.54 6.00 7.17 8.05 9.31 10.05 11.,7

i. Required of Seq. 45 Cyclopentane Ring
6300.0 27.30 -6.50 -5.50 -4.50 -3.80 -2.80 -1.93 -.37

Press <ENTER> to continue --

TOTALS -- n-hexylcyclopentane
dHf(298K) S(298K) Cp300 Cp400 Cp500 Cp600 Cp800 Cpl000 cpil5O
cal/mol cal/mol/ cal/mol/K
-50230.0 128.24 53.73 70.89 86.32 99.19 119.16 133.95 156.63

dHf(298K) S(298K) Cp300 Cp400 Cp500 Cp600 Cp800 CplOOo Cpl5CO
J/mol J/mol/K J/mol/K
-210162.3 536.54 224.81 296.60 361.16 415.01 498.57 560.45 655.34

LJist file - mydata.txt
"FILER" batch file = myfiler.inp

What do you wish to do next with this data?

(A)append the totals to the current output files, go back and
(R)e-enter all data; just (E)dit sequence numbers or
(D)Iscard this molecule. Answer A, R, E, or D -- a

Creating a new "FILER" command file. "FILER" requires an access
cde (usually the surname of a user) and the name of a "THERMODATA"

lata base. What will your access code be? -- myname

What is the name of the "THERMODATA" data base
' cpdben

A2-2



:33 as 'been appencied '-c f ies

C2t1.Le s-,ng t-ne s ame output f 1 enames or qu.t YN/)- q
S-0 - Pr~ram terminatcd.

A2-3
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